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Abstract The whiteflies Bemisia tabaci (Gennadius) and Trialeurodes vaporariorum
(Westwood) (Hemiptera: Aleyrodidae) are major crop pests throughout the world.
Although extensive research about biological control of whitefly by parasitoids and pre-
dators has been conducted, also entomopathogenic fungi can be considered as potential
biological control agents. Surveys for entomopathogenic fungi were carried out in organic
and conventional horticultural crops in greenhouses and open fields in Buenos Aires and
Corrientes provinces, Argentina. These surveys resulted in the recovery and isolation of
the following fungi from whiteflies: Lecanicillium lecanii (Zimmerm.) Zare & W. Gams,
L. muscarium (Petch) Zare & W. Gams, L. longisporum (Petch) Zare & W. Gams, Isaria
fumosorosea Wize and I. javanica (Frieder. & Bally) Samson & Hywel-Jones. Pathoge-
nicity tests were conducted against 7. vaporariorum nymphs using a conidial suspension
(1 x 107 conidia/ml) of the fungi. A mortality rate between 26.6% and 76.6% was obtained
at 7 days post-infection. These are the first records of natural infections in the southern-
most region of the South American continent of L. lecanii, L. muscarium, L. longisporum
and Isaria javanica (Ascomycota: Hypocreales) on 7. vaporariorum and also the first
report of I. fumosorosea on B. tabaci.
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Introduction

Whiteflies (Hemiptera: Aleyrodidae) such as the sweetpotato whitefly Bemisia tabaci
(Gennadius) and the greenhouse whitefly Trialeurodes vaporariorum (Westwood) are
major insect pests in the world due to the role as vectors of plant viruses like the
“geminivirus” (Brown 1998; Faria and Wraight 2001). Bemisia argentifolii Bellows &
Perring (Bemisia tabaci strain B) is a highly polyphagous species that feeds on, among
others, cotton, cucurbits, lettuce, soybean and tomatoes and its pest status has increased
strongly since the 1980s (Osborne 1988; Hoelmer et al. 1991). T. vaporariorum is also a
pest of horticultural crops and many others ornamental plants, especially in greenhouses,
and has been reported to feed on about 250 species of plants around the world (Landa et al.
1994). Thirteen species of whiteflies have been reported in Argentina and of these species,
only Aleurothrixus aepim (Goldi), Aleurothrixus floccosus (Maskell), B. tabaci, Siphoninus
phillyreae and T. vaporariorum causes economic damage to crops and trees (Viscarret
2000).

Pesticide resistant whitefly populations have emerged as a consequence of intensive use
of chemical insecticides (Faria and Wraight 2001). Pesticide resistance in whiteflies has
stimulated studies on integrated pest management, in which biological control may play a
significant role. Although extensive research about biological control of whitefly has been
conducted on parasitoids and predators, also entomopathogenic fungi can be considered as
potential biological control agents. Entomopathogenic fungi of whitefly are able to invade
the insect actively through the cuticle, which is an advantage for the management of
piercing—sucking insects and show a particular promise for whitefly control (Lacey et al.
1995).

More than 20 different species of fungi have been reported worldwide to infect
whiteflies. These include Aschersonia aleyrodis Webber, A. andropogonis P. Henn, A. cf.
goldiana Sacc. & Ellis, Beauveria bassiana (Balsamo) Vuillemin, Isaria fumosorosea
Wize (as Paecilomyces fumosoroseus), Lecanicillium lecanii (Zimmerm.) Zare &
W. Gams (as Verticillium lecanii), Conidiobolus spp., Entomophthora sp., Zoophthora
radicans (Brefeld) Batko (Faria and Wraight 2001), and Isaria farinosa (Holmsk.) Fr. (as
Paecilomyces farinosus) (Landa et al. 1994).

The fungus . fumosorosea Wize is one of the most promising fungal species for control
of B. argentifolii (Vidal et al. 1998) and L. lecanii has been used as a biological control
agent against 7. vaporariorum (Cuthbertson et al. 2005). Furthermore, several isolates of
B. bassiana and L. muscarium have been selected as mycoinsecticides for whitefly control
(Faria and Wraight 2001).

In South America reports of entomopathogenic fungi affecting whiteflies are scarce
(Drummond et al. 1987; Sosa Gomez et al. 1997; Gomez 1999; Lourengao et al. 1999). In
Argentina, L. lecanii was reported previously by Loépez Lastra (1989) and Yasem de
Romero (1992) from Coleoptera and Hemiptera, respectively. Isaria fumosorosea was the
only fungal species that has been recorded infecting 7. vaporariorum in tomato crops in
Buenos Aires province, Argentina (Toledo et al. 2004).

The objectives of this study were to search for native fungal pathogens of whiteflies
under natural field conditions, to characterize those fungal isolates and to evaluate their
pathogenicity for the whitefly 7. vaporariorum. This paper provides the first record of
natural infections of entomopathogenic fungi (Ascomycota: Sordariomycetes: Hypocre-
ales) on B. tabaci strain B, in the southernmost region of the South American continent.
The paper also presents new knowledge of fungal pathogens that are able to infect
T. vaporariorum.
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Materials and methods
Collection of insects

A survey for whiteflies was carried out in organic and conventional horticultural crops in
greenhouses and open fields in Buenos Aires and Corrientes provinces, Argentina (Fig. 1).
A total of six locations were sampled: Colonia Urquiza (La Plata county) 34°56°19.2”
S/58°06°3.8” W; Parque Pereyra Iraola (Berazategui county, Buenos Aires province)
34°50°36.5” S/58°05°33.2” W; El Peligro (La Plata, county Buenos Aires province)
34°56’ S/58°10° W; Arana (La Plata county, Buenos Aires province) 35°0°19.8”
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Fig. 1 Regions in Argentina where fungal species were collected. These include part of Buenos Aires
Province and Corrientes Province
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S/57°55’30” W; General Mansilla (Magdalena county, Buenos Aires province)
35°05°30.7” S/57°45°20.6” W and Monte Caseros (Corrientes province) 30°15°04”
S/57°39°2.2” W. Whiteflies were collected from the following horticultural crop hosts:
Apium graveolens L. (celery), Beta vulgaris var. cicla L. (Swiss chart), Beta vulgaris var.
conditiva L. (red beet), Capsicum annuum L. (pepper), Cucumis sativus L. (cucumber),
Cynara scolymus L. (artichoke), Lactuca sativa L. (lettuce), Lycopersicon esculentum Mill.
(tomato) and Solanum melongena L. (eggplant). Surveys were conducted over a 4-year
period (Jan 2002-Dec 2005) at weekly intervals. Twenty plants of each species were
randomly selected using a hand-calculator, and checked each week at each of the six
locations. To collect immature instars, two leaves were selected from the upper, middle
and bottom levels of the canopy of each plant. Of leafy vegetables the whole plant was
checked. Adult insects were sampled from the leaves in the two upper levels of the canopy.
Living whiteflies were caught and placed individually in sterilized plastic cups (150 cm®)
with lids. Dead insects with or without external signs of mycosis were collected with
the piece of plant material on which they were collected in sterilized individual plastic
containers (100 cm?). All collected material was transported to the laboratory for analysis
of fungal infection. Dead whiteflies without external fungal signs of mycoses were put in
60-mm Petri dishes with a dampened filter paper and maintained at 20°C for 24-72 h to
allow development of any fungi present in them.

Identification of fungal pathogens

Infected whiteflies, covered by ashy-cottony mycelia, were examined under a Zeiss DV4
dissecting stereomicroscope. Mycelia were mounted in lactophenol/cotton blue (0.01%
w/v) and observed by phase contrast with an Olympus CH3 microscope. Fungal prepa-
rations were photographed using a Nikon Optiphot microscope equipped with differential
interference contrast (DIC) fitted with a Canon PowerShot A80 camera. Measurements of
length and width of fungal structures (conidia, conidiogenous cells and mycelia) from fresh
infected cadavers were made to enable specific identification. Fungal species were iden-
tified according to taxonomic keys and monographs in Samson (1974), Samson et al.
(1988) and Zare and Gams (2001).

Isolation and description of fungal pathogens

Monosporic isolates were obtained from infected whiteflies as described by Lecuona
(1996), and inoculated on 2% malt extract agar (MEA) with 40,000 units/ml penicillin G
(Merck®, Germany) and 80,000 units/ml streptomycin (Parafarm®, Argentina). Micro-
scopic and macroscopic descriptions were made from cultures growing on MEA according
to the standards used by Samson (1974) and Zare and Gams (2001). Fungal isolates were
deposited in the Mycological Collections at the Centro de Estudios Parasitologicos y de
Vectores (CEP, La Plata, Argentina) and at the USDA-ARS Collection of Entomopatho-
genic Fungal Cultures (ARSEF, Ithaca, New York).

Pathogenicity assays

The pathogenicity of fungal isolates was tested on T. vaporariorum nymphs. Insects were
reared on bean plants (Phaseolus vulgaris L.) and maintained in cages (1 m X 1 m X 1 m)
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under greenhouse conditions at 20 + 2°C and 16:8 h light:dark (L:D). Conidial viability of
each isolate was assessed after 24 h using the techniques described by Lane et al. (1988).
For each isolate, 25 fourth-instar nymphs were removed from the bean leaves. They were
sprayed by using a glass nozzle of 35 cc capacity with 300 pl of a conidial suspension of
1 x 107 conidia/ml in 0.01% (v/v) Tween 80 (sodium polysorbate) using always re-iso-
lated fungus for each fungal species. Controls were sprayed with only 300 pl of 0.01%
Tween 80. Three replicates and a control were performed for each isolate. Afterwards,
nymphs were arranged over a disc of bean leaf (30 mm diameter) and kept in cages
(35 mm diam) with sterilized filter paper at the bottom to maintain 95% relative humidity.
Treated and control insects were held at 24 + 2°C, 70% RH and a photoperiod of 14:10 h
(light:dark). Cumulative mortality determined by the presence of mycelial mass (Landa
et al. 1994) was recorded daily for 7 days. Dead insects were removed daily and super-
ficially sterilized by placing the specimens in 70% ethanol for a few seconds, then washing
them in sterile distilled water, followed by 0.5% sodium hypochlorite for 1 min, and rinsed
again in distilled water according to Lacey and Brooks (1997). Next they were placed in
Petri dishes with filter paper moistened with sterile distilled water and incubated at 25°C
for 3-5 days to allow fungal development. Fungal infections were confirmed with light
microscopy for all dead insects, and they were mounted in lactophenol/cotton blue to check
for fungal infection.

Mortality in the tests was corrected by the mortality found in the controls according to
Abbott (1925). Differences between mortality of replicates were analyzed using ANOVA
(Statistica 1998). The median lethal time was obtained according to methodology cited by
Lecuona and Diaz (2001).

Results

The following five fungal species were identified and isolated from whiteflies of horti-
cultural crops, mainly from greenhouses: L. lecanii, L. muscarium, L. longisporum,
L. fumosorosea, and I. javanica. Infected whiteflies were always found at the underside of
the leaves and were covered by white cottony mycelia.

Descriptions of fungal pathogens

Lecanicillium lecanii (Zimmerm.) Zare & W. Gams, Nova Hedwigia 72:333, 2001.
= Cephalosporium lecanii Zimmermann. Teysmania 9:243, 1899. (basionym)
= Verticillium lecanii (Zimmerm.) Viégas, Rev. Inst. Café Sdo Paulo 14:754, 1939.

Hosts: adults of T. vaporariorum on A. graveolans, in greenhouse. Locality: El Peligro

Colony diameters reached 29 mm in 10 days on MEA at 24°C in darkness, rather
compact, white, with clear yellow on reverse. Phialides relatively short, (13.9) 21.8 + 3.9
(30.7) x (0.9) 1.15+0.3 (1.9) um (n = 25), conical, aculeate, produced singly or in
whorls of up to six. Conidia hyaline, short ellipsoidal, (1.9) 3.5 £ 0.9 (§.4) x (0.8) 1 £ 0.2
(1.5) um (n = 70), formed in heads at the apex of the phialides. One isolate in pure
culture was established on MEA. Conidial viability was 100% at 24 h. The mortality of
T. vaporariorum nymphs exposed to a conidial suspension was 52.6 + 8.3% at 7 days post-
treatment; the median lethal time was 4.32 days (Table 1).
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Table 1 Fungal isolates obtained from whiteflies sampled on horticultural crops in Buenos Aires and
Corrientes provinces (Argentina) and mortality of 7. vaporariorum after 7 days caused by each fungus

Fungus species Number of isolate Fungus collected on Percent mortality
(means + SD) on
T. vaporariorum

L. lecanii CEP 057 = ARSEF 7207 T. vaporariorum 52.6 £ 8.3
L. longisporum CEP 056 = ARSEF 7461 T. vaporariorum 35.0+5.0
L. muscarium CEP 054 = ARSEF 7460 T. vaporariorum 65.0 +23.0
Isaria fumosorosea CEP 206 Bemisia tabaci strain B 76.7 £ 3.0
L javanica CEP 107 = ARSEF 7477 T. vaporariorum 26.6 £ 10.4

Lecanicillium longisporum (Petch) Zare & W. Gams

= Cephalosporium longisporum Petch, Trans. Brit. Mycol. Soc. 10:166, 1925.
(basionym)

= Acrostalagmus aphidum Oudem., Nederl. Kruidk. Arch. 3:759, 1902.

= Cephalosporium dipterigenum Petch, Naturalist 1931:102.

Hosts: adults of T. vaporariorum on A. graveolans, in greenhouse. Locality: El Peligro

Colonies grew moderately slow on MEA, attaining a diameter of about 8.4 (+1.2) mm
after 10 days at 24°C in darkness, consisting of a homogeneous diameter and regular
borders, white and smooth mycelia, with deep yellow reverse. Vegetative hyphae hyaline
(3.5) 43 +£0.6 (4.7) um wide (n =25). Conidiophores erect, septate, (2.1) 2.4 + 0.1
(2.8) um wide (n = 25). Phialides tapering towards the apice, subaculeate (17.3)
20.2 £ 1.9 (24.7) x (0.7) 1 £ 0.2 (1.5) pm (n = 35), singly or in whorls up to 3, rarely 4, at
each node. Conidia produced in globose heads, hyaline, ellipsoidal to oval (3) 4.4 + 1.3
8) x(0.9) 1.2 +£0.2 (1.5) pm, rarely 1-septate (n = 80). Two isolates in pure cultures
were established on MEA. Conidial viability was 100% at 24 h for both isolates. The
mortality of 7. vaporariorum nymphs exposed to a conidial suspensions of L. longisporum
CEP 056 was 35 + 5% at 7 days post-treatment (Table 1).

Lecanicillium muscarium (Petch) Zare & W. Gams

= Cephalosporium muscarium Petch, Naturalist 102, 1931. (basionym)

Oospora necans Saccardo & Trotter, Ann. Mycol. 3:514, 1905.

Cephalosporium lefroyi Horne, Gard. Chron. 57: 139, 1915; Trans. Brit. Mycol. Soc.
5:241, 1915.

= Cephalosporium aphidicola Petch, Trans. Brit. Mycol. Soc. 16:71, 1931.

= Cephalosporium thripidum Petch, Trans. Brit. Mycol. Soc. 16:234, 1932.

= Cephalosporium subclavatum Petch, Trans. Brit. Mycol. Soc. 25:262, 1942.

Hosts: adults of T. vaporariorum, on A. graveolans, in greenhouse. Locality: El Peligro

Colonies on MEA grew moderately fast, attaining 28.3 (+0.6) mm diameter after
10 days at 24°C in darkness, consisting of homogeneous diameter and regular borders,
white and smooth mycelia, with deep yellow reverse. Phialides longer than those of
L. lecanii, hyaline, conical, singly or in whorls up to five in each node, (18.9) 22.3 + 3.7
(28.7) x (0.8) 1.1 £ 0.1 (1.3) pm (n = 25). Conidia hyaline, ellipsoidal and irregular in
size and shape, produced in globose heads, (3.9) 4.8 + 0.7 (6.1) X (0.9) 1.1 £ 0.2 (1.8) um

@ Springer



Entomopathogenic fungi infecting whiteflies 793

(n = 60). One isolate in pure culture was established on MEA. Conidial viability was 95.3%
(£1.8) at 24 h. The mortality of 7. vaporariorum nymphs exposed to a conidial suspension
was 65 = 22.9% at 7 days post-treatment, the median lethal time was 4.35 days (Table 1).

Isaria fumosorosea Wize

= Isaria fumosorosea Wize, Bull. Int. Acad. Pol. Sci. Lett., 72, 1904.

= Spicaria fumosorosea (Wize) Vassiljevski, Morbi Plant.:146, 1921.

= Paecilomyces fumosoroseus (Wize) A.H.S. Brown & G. Smith, Trans. Br. Mycol.
Soc. 40:67, 1957.

Hosts: nymphs and adults of B. tabaci strain B, on C. annuum and C. sativus in
greenhouses. Locality: Monte Caseros

Colonies grew moderately fast on MEA, attaining 29 + 0.6 mm diameter after 10 days
at 24°C in darkness, consisting of a basal felt with raised floccose overgrowth, homoge-
neous diameter and regular borders, reverse initially colourless but later becoming pink.
Vegetative hyphae smooth walled, hyaline, 2.5 £ 0.5 pm wide (n = 25); conidiophores
2.4 £ 0.5 pm wide (n = 25), smooth walled, consisting of verticillate branches bearing
whorls of 4-6 phialides. Phialides with a globose basal portion tapering into a long distal
neck (4.9) 6.3 £0.9 (7.9) x (1.1) 1.8 £ 0.3 (2.5) pm (n = 25). Conidia hyaline to slightly
pink, cylindrical to fusiform (3.5) 4.6 £ 0.5 (5.4) x (0.9) 1.2 £ 0.2 (1.6) um (n = 80).
Eight isolates in pure cultures were established on MEA (Table 1). Conidial viabilities
were 100% for CEP 203, 100% for CEP 204, 99.5 + 1% for CEP 205, 100% for CEP 206,
100% for CEP 207, 98.7 + 1.3% for CEP 208, 96.3 + 3.2% for CEP 209, and 99.3 = 1.7%
for CEP 210 after 24 h. The mortality of 7. vaporariorum nymphs exposed to a conidial
suspension of I fumosorosea CEP 206 was 76.7 + 2.9% at 7 days post-treatment; the
median lethal time was 4.5 days (Table 1).

Isaria javanica (Frieder. & Bally) Samson & Hywel-Jones, Mycol. Res. 109, 588, 2005.

= Spicaria javanica Friederichs & Bally, Meded. Koffiebessenboeboek-Fonds 6:146,
1923. (basionym)

= Paecilomyces javanicus (Friedrichs & Bally) A.H.S. Brown & G. Smith, Trans. Brit.
Mycol. Soc. 40, 65, 1957

= Spicaria formosensis Sawada, Spec. Publ. Coll. Agric. Natn. Taiwan Univ. 8, 188,
1959.

Hosts: adults of T. vaporariorum on tomato crops in greenhouse. Locality: Colonia
Urquiza

Colonies grew moderately fast on MEA, attaining a diameter of about 29.6 (+0.6) mm
after 10 days at 24°C in darkness, consisting of a basal felt with raised floccose over-
growth, producing a few synnemata, homogeneous diameter and regular borders, white at
first becoming cream-colored. Reverse uncoloured to yellow.

Vegetative hyphae smooth walled, septate, hyaline, 1.2 + 0.2 pm wide (n = 25). Conidio-
phores smooth walled, consisting of verticillate branches bearing whorls of 2-3 phialides.
Phialides with a globose basal portion tapering into a long distal neck (4.9) 6.5 = 1.1
(7.9) x (09) 1.6 £0.3 (2.5) um (n = 25). Conidia hyaline, cylindrical to fusiform (2.5)
4.3 +£0.5(5.9) x (0.9)1.6 = 0.3(2) um (n = 70). One isolate in pure culture was established on
MEA. Conidial viability was 98.8% =+ 0.2% at 24 h. The mortality of T. vaporariorum nymphs
exposed to a conidial suspension was 26.6 + 10.4% at 7 days post-treatment (Table 1).
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Statistical analysis of fungal pathogenicity

All fungal species tested were pathogenic to the whiteflies at conidial concentrations of
1 x 107 conidia/ml. Seven days after inoculation, there were no significantly differences
between replicates (F = 3.78, df = 5; P = 0.216).

Discussion

The most common fungal pathogens of Bemisia spp. and other whiteflies are Paecilomyces
Sfumosoroseus, Verticillium lecanii and Aschersonia spp. (Humber 1992; Lacey et al. 1993,
1995). Very few records of entomopathogenic fungi of whiteflies are known for the
Neotropic region (Gomez 1999; Faria and Wraight 2001; Toledo et al. 2004). We found
five fungal species that infected whiteflies on horticultural crops at six locations in Buenos
Aires and Corrientes provinces (Argentina) during 4-year survey. Characterization of the
fungal isolates did not show major differences in morphology or growth in comparison
with earlier descriptions of these species (Samson 1974; Zare and Gams 2001).

In our research, Isaria fumosorosea was the most frequently collected fungus on
whiteflies. Another species of this genus, Isaria javanica (= Paecilomyces javanicus), was
previously recorded as pathogen of Lepidoptera (Samson 1974) and later of Coleoptera and
whiteflies (Bemisia sp., Hemiptera) (ARSEF website: http://arsef.fpsnl.cornell.edu). Here,
we report the first record of I. javanica for South America.

Lecanicillium lecanii is a common fungal pathogen of aphids, scales, whiteflies and
several other insects (Evans and Samson 1986). In Argentina, L. lecanii was cited previ-
ously by Lépez Lastra (1989) and by Yasem de Romero (1992), infecting Coleoptera and
Coccidea, respectively. L. muscarium is an insect pathogen that is used commercially to
control greenhouse pests and has been shown to be a candidate species for the control of
B. tabaci (Cuthbertson et al. 2005). In Argentina this fungal species has been isolated from
Delphacodes kuscheli (Hemiptera: Delphacidae) (Toledo et al. 2007). The related species
L. longisporum was isolated from adults of T. vaporariorum only once during this survey
in La Plata, Argentina. Our discovery of the entomopathogenic fungi L. muscarium and
L. longisporum represents the first records for South America, and expands both their
geographical distribution and host range.

After isolation and characterization of the fungal species, we tested their pathogenicity
with regard to T. vaporariorum. Though the conidial viabilities obtained from the fungal
species were always above 90%, we found a high variation in insect mortality, ranging
from 26 to 76% (Table 1). Lacey et al. (1995) reported distinct differences in the apparent
host specificity of different strains of V. lecanii isolated from aphids, whiteflies and other
insects, although the strains isolated from whiteflies were more active and virulent against
this target host. They also observed that treated eggs were not infected, but that nymphs
that hatched from these eggs were later infected at the same rate and to the same degree as
first instar nymphs treated directly after hatching. In our study we observed that adults
emerging from treated pupae could also die later and to present symptoms of fungal
infection by the fungi 1. fumosorosea, 1. javanica and L. muscarium.

Lacey (1999) reported mortality of eggs and second-instar nymphs of B. tabaci exposed
to two different strains of P. fumosoroseus. Mortalities at 14 days post treatment ranged
from 8.3-14.2% for eggs and 26.6-59.1% for nymphs treated with a conidial suspension of
1 x 10® conidia/ml and 2 x 10 for eggs and nymphs, respectively. The results of this study
show a high nymphal mortality by I. fumosorosea (76.7 + 3% at 7 days post-treatment).
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Cuthbertson et al. (2005) tested L. muscarium from the commercial Mycotal formula-
tion (Koppert Biological Systems) against immature stages of B. tabaci on tomato and
verbena plants. They reported that first and second instar nymphs were more susceptible
than third or fourth instars, with 50%, 55%, 25% and 15% mortality from first to fourth
instars, respectively. In the present study, mortality of 7. vaporariorum caused by
L. muscarium (65 + 23%) was variable, but higher than that found by Cuthbertson et al.
(2005).

The results of our study show that local collection of entomopathogenic fungi in the
southern most part of South America offers excellent possibilities to find candidates for
biological control of whiteflies. Some of the isolated fungus species showed a high mor-
tality of greenhouse whitefly, one of the most problematic whitefly species worldwide.
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